###### Strengths and limitations of this study

-   This is one of the first studies to assess cardiovascular remodelling in fetuses and infants conceived by assisted reproductive technologies.

-   There are few studies that focus on biventricular systolic and diastolic function of fetuses using a comprehensive cardiac functional assessment and exploring the role of speckle-tracking to assess myocardial deformation.

-   There are few studies that focus on fetal ventricular twist and untwist process by strain tracking echocardiography.

-   As a single-centre, non-randomised, prospective observational cohort study, the universality of the result may be limited. It should be replicated at other centres and in other patient populations.

-   Potential loss to follow-up may lead to some loss of data.

Introduction {#s1}
============

Assisted reproductive technologies (ART), which include in vitro fertilisation (IVF) and intracytoplasmic sperm injection (ICSI), are now widely allowed for pregnancy in cases of infertile couples. Since the first child (Louise Brown) was born after IVF 40 years ago, the number of assisted pregnancies has increased exponentially.[@R1] At present, 1%--6% of children born in all regions of the world are conceived by ART, with an increasing application of about 1 million babies born using ART annually.[@R2] Although the use of ART is generally considered safe, increasing research focuses on the prenatal and perinatal risks as well as long-term risks for the child.[@R4]

A growing body of evidence demonstrates the potential for adverse perinatal outcomes in ART pregnancies, including preterm birth, low birth weight, congenital malformations and perinatal mortality.[@R6] Although parental predisposing infertility factors and other maternal factors may contribute to these adverse outcomes,[@R9] the ART procedure itself may play a role. This includes the exposure of oocytes, sperm and embryos outside of the body environment, freezing and manipulation of oocytes and embryos.[@R4] Animal studies have highlighted the biological plausibility of imprinted disorders in the placenta and cord blood of offspring conceived by ART.[@R12]

However, the absolute risks of adverse perinatal outcomes are low. We should pay more attention to the apparently healthy offspring conceived by ART. Among the potential long-term consequences of ART, concern has been raised regarding cardiovascular disease. Epidemiological studies in humans have demonstrated an association between adverse events during early life and increased prevalence of cardiovascular disease later in life. The term 'fetal programming of cardiovascular disease' was coined to describe this hypothesis.[@R13] Growing evidence has suggested that ART represents another example for fetal cardiovascular remodelling. Ceelen *et al* first suggested the presence of elevated blood pressure during late childhood among individuals conceived by ART.[@R15] Recent study also demonstrated decreased vascular function in adolescence conceived by ART.[@R16] Furthermore, studies of children conceived by ART indicated adverse changes in systemic and pulmonary circulations, including both structural and functional alterations, some of which have been prospectively linked to arterial hypertension and premature cardiovascular morbidity.[@R17] Further research found a possible association between ART and cardiovascular remodelling in fetal life that persisted in postnatal life.[@R4] In mice generated by ART, alteration of the cardiovascular phenotype was mediated by an epigenetic mechanism which alters the methylation of the promoter of the gene coding for endothelial nitric oxide synthase. This leads to endothelial dysfunction and premature vascular senescence.[@R19] Moreover, ART also had consequences on the life span of mice. When challenged with a high-fat diet, the life span of ART mice was shortened by approximately 25% compared with control mice.[@R19] While these studies are very informative, the commonly applied evaluation methods provide only indirect information about systolic and diastolic ventricular function, and do not measure myocardial deformation itself.

There are very few studies to date that have focused on cardiac myocardial deformation using echocardiography in offspring conceived by ART. Valenzuela-Alcaraz *et al* first suggested cardiac dysfunction and remodelling in ART fetuses, and these problems persisted postnatally.[@R4] This study showed dilated atria, increased myocardial wall thickness, lower ventricular sphericity indexes, decreased right longitudinal function and impaired relaxation (decrease in E′ and E deceleration time) in ART fetuses.[@R4] These changes persisted postnatally and were more prominent in the right side of the heart.[@R4] However, ventricular function is increasingly understood not simply as myocyte shortening, but also as a more complex process, including longitudinal contraction, circumferential contraction, radial contraction and twist-untwist process. The commonly applied evaluation methods provide only global information about systolic and diastolic function and do not measure deformation of the myocardium itself. More recently, speckle-tracking echocardiography (STE) has been developed to overcome these limitations. This technique directly analyses myocardial mechanics by tracking the tissue pixels in the myocardium throughout the cardiac cycle. This technique has the potential to provide new insights into subclinical changes in fetal myocardial deformation.[@R20]

Our objectives are to assess the effect of ART on offspring's cardiovascular health in fetal and postnatal periods, namely (1) using commonly applied evaluation methods and (2) exploring the potential role of STE on cardiac functional assessment. The aim of this study is to further understand the potential adverse effects of ART, which will allow clinicians to work towards improving ART-related cardiovascular outcomes.

Methods and analysis {#s2}
====================

Study design {#s2-1}
------------

This will be a prospective observational cohort study including 100 singleton pregnancies conceived by ART and 100 spontaneously conceived controls identified in fetal life and followed up to 6 months old. Cases and controls were recruited from December 2017 to April 2019 at the Department of Ultrasound, Shengjing Hospital of China Medical University, Shenyang, China. The expected deadline of last follow-up is November 2019. Conception by ART includes standard IVF and ICSI.

Patient and public involvement {#s2-2}
------------------------------

Patients and the public will not be involved in this study.

Inclusion and exclusion criteria {#s2-3}
--------------------------------

The inclusion criteria for the ART group are singleton pregnancies of mothers aged 18 years or older, conceived by ART, and are at 28--32 weeks of gestation. The exclusion criteria for ART group are presence of preimplantation genetic diagnosis, oocyte donation, pregnancies with structural/chromosomal anomalies, evidence of infection or any maternal medical disease including asthma, chronic hypertension, diabetes mellitus, heart disease, HIV or hepatitis infection, lupus and thyroid disease. Likewise, delivery before 37 weeks of gestation and birth weight below the 10th or above the 90th percentile are considered additional exclusion criteria, in order to avoid the underlying interference of prematurity and small/large-for-gestational age. Small/large-for-gestational age is defined as birth weight below the 10th or above the 90th centile according to local reference curves.[@R22] Moreover, smoking during pregnancy will be additional excluding criteria. The control group will also be recruited at 28‒32 weeks of gestation and matched for maternal age (±1 year) with ART cases. Inclusion and exclusion criteria for control group are the same as for ART group, and the control group will undergo the same study protocol as ART group. The gestational age of both groups is calculated according to crown-rump length at first-trimester scan.

Sample size calculation {#s2-4}
-----------------------

As a primary outcome, the global longitudinal strain was used to calculate sample size using Power and Sample Size Calculation Software.[@R23] Assuming that left ventricle (LV) global longitudinal systolic strain (%) will be −16.99 (SD: 2.42) in fetuses from the control group[@R20] compared with −15.78 (SD: 2.42) in those of ART group, the required sample size is 65 fetuses in both groups to have a statistically significant difference (p\<0.05, two-sided t-test) with a power of 80%. Considering the effect of dropouts and other confounding factors, we plan to include 100 fetuses in both groups.

Recruitment procedure {#s2-5}
---------------------

During pregnancy, data for all pregnant women who meet the inclusion criteria will be obtained from Shengjing Hospital of China Medical University Information Management System. These women will be telephoned by a trained data collector and briefly introduced the purpose of this study. For those volunteers who give consent to the follow-up call, a two-dimensional fetal echocardiographic study and fetal vascular imaging will be scheduled.

At the time of the prenatal evaluation, parental baseline and ART characteristics will be recorded by interview and a review of medical records, including parental ethnicity, age, body mass index, smoking habit, nulliparity, socioeconomic status, college education and ART characteristics. Family cardiovascular history is defined as the existence of congenital heart disease, coronary disease, hypertension, diabetes, hypercholesterolemia or stroke in men\<55 years and women\<65 years. Written informed consent will be obtained from all study participants. All pregnant women will undergo a detailed fetal echocardiography by the same experienced operator (W-jB) to exclude congenital heart disease. A standard assessment of estimated fetal weight, fetoplacental Doppler, comprehensive fetal echocardiography and fetal abdominal artery ultrasound will be added to routine fetal echography.

On delivery, presence of pregnancy complications, gestational age at delivery, mode of delivery, maternal blood pressure, neonatal sex, birth weight, birth weight centile, birth length and perinatal morbidity will be recorded. Major neonatal morbidity is defined as the existence of bronchopulmonary dysplasia, necrotising enterocolitis, intraventricular haemorrhage, periventricular leukomalacia, retinopathy, persistent ductus arteriosus or sepsis in the first 28 days of life. Within 60 days of birth, the first postnatal cardiovascular assessment will be conducted, which will include echocardiography and an abdominal artery ultrasound. At 6 months of age, infants' follow-up evaluation will include the weight and length of the infant, echocardiography and an abdominal artery ultrasound assessment. The operators obtaining the echographic images and analysing image data will be blinded to the group assignment to avoid information bias.

Fetal assessment {#s2-6}
----------------

All pregnancies will undergo ultrasonic examination at 28‒32 weeks of gestation using an EPIQ 7 ultrasound systems (Philips Medical Systems) equipped with 3‒5 MHz curved-array (C5-1), 1‒5 MHz sector-array (S5-1) and 3‒10 MHz linear-array probes (9 L). Ultrasounds will include an assessment of estimated fetal weight, fetoplacental Doppler, fetal echocardiography and fetal abdominal artery ultrasound. Fetal M-mode, B-mode, and Pulsed-wave (PW) Doppler measurements will be obtained with the curved-array probe, while the sector-array probe will be used for the tissue Doppler examination. The fetal abdominal artery ultrasound assessment will be recorded with the linear-array probe. PW Doppler parameters will be recorded from three or more waveforms, with insonation angle \<60° for the fetoplacental Doppler evaluation and \<30° for the fetal echocardiography assessment.

### Fetoplacental Doppler evaluation {#s2-6-1}

The fetoplacental Doppler evaluation will include pulsatility index (PI) measurement of the uterine arteries, umbilical artery, middle cerebral artery, ductus venosus and aortic isthmus according to a former published methodology.[@R24] The cerebroplacental ratio will be obtained by dividing middle cerebral artery and umbilical artery PI.[@R28]

### Fetal echocardiography {#s2-6-2}

Fetal echocardiography will include not only a conventional morphometric and functional assessment but also a deformation analysis.

#### Fetal cardiac morphometry {#s2-6-2-1}

Fetal cardiac morphometry will include cardiothoracic ratio, atrial and ventricular areas, ventricular sphericity indices of base, and mid-section and relative wall thicknesses. The cardiothoracic ratio will be obtained from a 4-chamber view and calculated from the ratio of heart area to thoracic area.[@R29] Atrial and ventricular areas will be measured at the maximum point of atrial or ventricular distension. Biventricular sphericity indices of the base section will be calculated as the ratios of base-to-apex length/basal ventricular diameters and measured at end-diastole.[@R30] Biventricular sphericity indices of the mid-section will be calculated as the ratios of base-to-apex length/transverse length at the mid-section of the ventricle and measured at end-diastole.[@R32] The relative wall thickness will be calculated for the left and right ventricular walls, with the formula (2×wall thickness)/(ventricular inner diameter at end-diastole).[@R33]

#### Fetal cardiac function {#s2-6-2-2}

The conventional fetal cardiac function evaluation will include biventricular systolic and diastolic function, and biventricular global function. Assessment of systolic function will include left/right ejection fraction, stroke volumes, cardiac outputs, mitral/tricuspid annular-plane systolic excursion (MAPSE/TAPSE) and systolic annular peak velocity (S'). Left/right ejection fraction will be calculated from M-mode long-axis transverse 4-chamber view using the Teicholz formula.[@R29] Left and right stroke volumes will be obtained as follows: π/4×(aortic or pulmonary valve diameter)[@R2]×(aortic or pulmonary artery systolic time-velocity integral).[@R34] Left and right cardiac outputs will be obtained as: left or right stroke volume ×heart rate.[@R34] MAPSE/TAPSE will be assessed by M-mode from an apical or basal 4-chamber view.[@R35] The tissue Doppler will be used to record systolic peak velocities (S′) at mitral and tricuspid lateral annuli from an apical or basal 4-chamber view.[@R36] Assessment of diastolic function will include peak early and late transvalvular filling (E/A) ratio, deceleration time of E velocity, early (E') diastolic annular peak velocities and left isovolumic relaxation time (IVRT). Atrioventricular flows will be obtained from an apical or basal 4-chamber view, placing the pulsed Doppler sample volume at the tip of atrioventricular valve leaflets. Left and right E/A ratios will be calculated by dividing early ventricular filling (E wave) by late ventricular filling (A wave).[@R37] The deceleration time of the E wave will be obtained from mitral and tricuspid inflow velocities from a basal or apical chamber view. The tissue Doppler will be used to record early diastolic (E′) peak velocity at mitral and tricuspid lateral annuli from an apical or basal 4-chamber view. Left IVRT will be measured from the closure of the aortic valve to the opening of the mitral valve in an apical or basal long-axis view. The left/right ventricular myocardial performance index (Tei index) will be used to assess the combination of systolic and diastolic function of the LV and the right ventricle (RV), respectively. These will be calculated using pulse Doppler methods[@R38] as: (a−b)/b, where 'a' is the time from the closure click to the aperture click of the mitral/tricuspid valve, and 'b' is the time from the aperture click to the closure click of the aortic/pulmonary valve.

#### STE {#s2-6-2-3}

As the position of the fetus is changeable, fetal LV long/short-axis views are different from the standard postnatal transthoracic parasternal views. Therefore, fetal posture will be unified first. By moving the position of the pregnant women, the head side of all fetuses will be oriented to the end of the examination bed, that is, the lying direction of the pregnant women with breech position will be opposite to that of the pregnant women with cephalic position. According to a strict protocol for every participant, high-resolution, zoomed B-mode digital loops with 7 s cine clips will be acquired from a slightly angled apical/basal 4-chamber, long-axis and 2-chamber views and basal-, mid- and apical-short-axis views, with frame rate set at more than 80 frames/s. Image-acquisition adjustments, such as narrow sector width, depth reduction, focus or frequency adjustment, will be used to optimise the frame rate. In addition, the lateral walls and interventricular septum will be kept between 0° and 45° to the ultrasonic beam in apical/basal long-axis views to enhance the borders between the blood pool and endocardium. Meanwhile, recordings will be obtained during maternal breath holding and in the absence of fetal movements. Based on apical/basal 4-chamber view, the fetal long-axis and 2-chamber view could be obtained by rotating the probe ([figure 1](#F1){ref-type="fig"}). For example, based on apical 4-chamber view, the long-axis view will be obtained by rotating the probe clockwise 60°, and the 2-chamber view will be obtained by continuing the rotation clockwise 30°. Next, based on basal 4-chamber view, the long-axis view will be obtained by rotating the probe clockwise 120°, and the 2-chamber view will be obtained by continuing the rotation counterclockwise 30°. The 4-chamber view will then be imaged when the walls and interventricular septum are 90° to the ultrasound beam and rotating the probe 90° clockwise. After adjusting the probe slightly, the short-axis views will be acquired. The basal level is defined by the mitral valve, and the middle level is defined as containing some part of both papillary muscles without any mitral valve tissue through the whole cardiac cycle. Finally, the apical level is defined as the segment of the LV distal to the insertion of papillary muscles. In the process of obtaining the short-axis views, fetal heart orientation could be established using the location of liver and the LV position in relation to the RV.[@R21] Accordingly, there are two types of orientation for fetal heart short-axis images: (I) the liver is toward the 'left of the image' and the LV is at the 'bottom of the image', similar to the traditional transthoracic short-axis image; (II) the liver is toward the 'left of the image' and the LV is at the 'top of the image'[@R21] ([figure 2](#F2){ref-type="fig"}). In orientation II, as viewed from the base toward the apex, the LV apex rotates in the clockwise direction and the LV base rotates counterclockwise, which are opposite directions compared with orientation I.[@R21] Therefore, in orientation II, the rotation and twist directions of software output are inverted. In addition, in orientation II, the software output of every anterior wall should be exchanged with that of the corresponding inferior wall, respectively. Only raw data clips of cases with clear delineation of the LV and the RV wall and the septum will be included in the next step of analysis.

![On the basis of apical 4-chamber view, the long-axis view will be obtained by rotating the probe clockwise 60°, and the 2-chamber view will be obtained by continuing the rotating clockwise 30°. Next, on the basis of basal 4-chamber view, the long-axis view will be obtained by rotating the probe clockwise 120°, and the 2-chamber view will be obtained by continuing the rotating counterclockwise 30°.](bmjopen-2019-031452f01){#F1}

![Two types of orientation for fetal heart short-axis images: (I) the liver is toward the 'left of the image' and the left ventricle (LV) is at the 'bottom of the image', similar to the traditional transthoracic short-axis image; (II) the liver is toward the 'left of the image' and the LV is at the 'top of the image'. LV, left ventricle; RV, right ventricle.](bmjopen-2019-031452f02){#F2}

The raw-data clips will be stored for postprocessing offline analyses as uncompressed standard digital imaging. Standard digital imaging and communication in medicine (DICOM) files will be transferred to a workstation equipped with QLab 10.8 software (Philips Medical Systems) using automated cardiac motion quantification for offline analyses. Analyses will be performed on DICOM files to derive biventricular longitudinal strain (S~L~), LV circumferential strain (S~C~) and strain rate (SR~L~ and SR~C~), and therefore the twist of LV. In addition, global and segmental deformation will both be investigated. Due to the inability to conduct ECG gating in fetal echocardiography, the cardiac cycle is defined by the manual selection of two consecutive end-diastolic frames (corresponding with the atrioventricular valve closure in long-axis views or LV chamber at its maximum size in short-axis views). No additional techniques such as dummy ECG will be used. In the left 4-chamber, long-axis and 2-chamber views, the operator will manually identify the atrioventricular lateral valve annulus and the LV apex. The software will automatically detect the endocardial borders. To ensure that the whole myocardium wall is included, the initial tracing will be manually adjusted. Next, the software will track the myocardium during the whole cardiac cycle. Tracking quality will be assessed by the observer and when necessary, the tracing will be visually verified or readjusted. When the tracking is accepted, 18 segments and 3 layers of myocardium will be created by the analysis software. Therefore, global S~L~ and segmental S~L~ of every layer of the myocardium will be calculated. The corresponding time to peak segmental S~L~ will also be recorded. Peak segmental systolic SR~L~, early diastolic and late diastolic SR~L~ of every layer of the myocardium will also be obtained. The Philips software can also generate a bull's-eye polar map of global and segmental S~L~. In the LV basal/mid/apical-short-axis views, the operator will manually identify the centre and the anterior wall of LV when the chamber is at its maximum size. The software will automatically detect the endocardial borders. To ensure that the whole myocardium wall is included, and the presumptive myocardial segment is correspondent with the correct segment, the initial tracing will be manually adjusted, and the yellow arrow will be adjusted to the middle of the interventricular septum. The following steps are similar to the process of long-axis views. Eventually, the software will provide global and segmental S~C~ of every layer of LV myocardium. The corresponding time to peak segmental S~C~ will also be recorded. Peak segmental systolic SR~C~, early diastolic and late diastolic SR~C~ of every layer of the myocardium will also be obtained. A bull's-eye polar map of global and segmental S~C~ can be generated. Also, the global values for left ventricular rotational displacement in degrees on apical and basal views for one complete heart cycle will be obtained. Viewing from the apex, LV counterclockwise rotation will be expressed as a positive value, whereas clockwise rotation will be expressed as a negative one.[@R39] LV twist is calculated as the net difference between apical and basal rotation (value of instantaneous apical rotation-basal rotation). In this process, the value of peak LV twist and time to peak LV twist will be obtained. Torsion is the twist value normalised to the length between the apex of the LV and the midpoint of the mitral valve annulus, which will be obtained from the 4-chamber view.[@R21] Untwist, the directional reversal of LV systolic twist position during diastole is expressed as the ratio of untwist. The ratio of untwist is calculated as \[(a−b)/b\*100%\]/IVRT, where 'a' is the twist at aortic valve closure and 'b' is the twist at the end of IVRT.

#### Fetal abdominal artery ultrasound assessment {#s2-6-2-4}

Measurement of fetal aortic intima-media thickness (aIMT) in the upper abdomen involves obtaining a straight, non-branched 1 cm longitudinal segment of the proximal fetal abdominal aorta by a linear-array transducer.[@R40] The image is focused on the posterior wall, and a resolution box function is used to magnify this part of the artery in end-diastolic cardiac phase. The angle of insonation is kept between 60° to 90° in a coronal or sagittal view. With this procedure, B-mode images of the proximal abdominal aorta will be obtained. Three images of the best quality will be chosen for each fetus. According to a standard protocol,[@R41] images will be stored as standard DICOM files for offline analysis. With the assistance of a computerised programme (QLab 10.8 software, Philips Medical Systems), the offline assessment will be performed using intima-media thickness quantification. Three measurements of far-wall aIMT will be taken, and the average values of these readings will be used in the analyses. Furthermore, the aIMT results will be normalised by fetal weight.

##### The first and second postnatal cardiovascular assessment {#s2-6-2-4-1}

The postnatal cardiovascular assessment will be acquired according to the recommendations of the American Society of Echocardiography using EPIQ 7 ultrasound systems (Philips Medical Systems) equipped with 5--12 MHz sector-array (12S) and 3--10 MHz linear-array probes (9 L) by the same (W-jB) operator, including an assessment of echocardiography and abdominal artery ultrasound.[@R42] Echocardiography will be assessed with the sector-array probe, while the abdominal artery ultrasound will be acquired with the linear-array probe. The echographic images will be acquired in a quiet examination room, with the infant lying quietly awake or asleep in a supine position. Heart rates will be recorded at the time of acquisition of echography.

Echocardiography includes conventional morphometric assessment, functional assessment and STE. The process of conventional morphometric and functional assessment in postnatal period is almost the same as that in the fetus. As for STE, digital loops with five consecutive cardiac cycles triggered by the R wave of the QRS complex will be digitally saved, that is, apical 4-chamber, long-axis and 2-chamber views and basal/mid/apical-short-axis views, with frame rate set at more than 80 frames/s. Raw-data clips will be stored for postprocessing offline analyses as uncompressed standard digital imaging. The following process of strain analysis in postnatal period will be almost the same as that in the fetus. Also, the process of postnatal abdominal artery ultrasound assessment is consistent with the previous statement.

Statistical analysis {#s2-7}
--------------------

Statistical Product and Service Solutions (SPSS) V.24.0 (SPSS Inc.) will be used for the statistical analysis. Data will be presented as mean±SD, median (IQR) or percentages where appropriate. Independent t-test for normally distributed data and Wilcoxon rank sum test for skewed data will be used. Categorical variables will be compared using the Pearson's χ^2^ test. The association between type of conception (natural or ART) and outcomes will be estimated with linear regression by adjusting potential confounding factors. P-value\<0.05 will be considered statistically significant.

To evaluate inter/intra-observer variability, speckle-tracking and aIMT assessments will be repeated in 15 randomly selected studies by a second observer (Y-jX) blinded to the group assignment and the prior measurement and by the first observer (W-jB) after a 3-month interval, respectively. Intraclass correlation coefficients will be assessed for repeatability and reproducibility.

Ethics and dissemination {#s3}
========================

Little to no risk is posed to participants and their offspring in the process of this study. Written informed consent will be obtained from all participating women. Participation in the study will not interfere with the clinical intervention during pregnancy and after delivery. Findings will be disseminated through scientific publications and conference presentations.

Discussion {#s4}
==========

The current high prevalence of ART for infertile couples has led to universal concerns about the impact of ART on future generations. Epidemiological studies have demonstrated an association between pathological events during fetal development and future cardiovascular risk, raising concerns about cardiovascular remodelling in fetuses conceived by ART. Well-designed prospective studies are necessary to better quantify the actual impact of ART on offspring's cardiovascular health and to identify the underlying mechanisms.

Indeed, many studies have investigated fetal programming of cardiovascular disorders in pregnancies conceived by ART.[@R4] In addition, some studies focused on the differential effects of ART and situations related to ART on fetal cardiac remodelling, including small-for-gestational-age fetuses and twin pregnancies.[@R47] With reference to precedent studies, the protocol of our study is mainly a replication of the study from Valenzuela-Alcaraz *et al*.[@R4] The novelty of our study is adding the analysis of myocardial deformation. Few studies to date have focused on sophisticated analysis of cardiac myocardial deformation in offspring conceived by ART. The process of contraction and relaxation of the heart is extraordinarily complicated, including longitudinal contraction, circumferential contraction, radial contraction and twist-untwist process. Commonly applied evaluation methods provide only indirect information about systolic and diastolic function and no information regarding deformation of the myocardium itself. STE is a relatively new, largely angle-independent technique, based on the tracking of tissue pixels in the myocardium throughout the cardiac cycle. It has the potential to provide new insights into fetal origins of postnatal disorders. Our prospective population-based study will assess detailed cardiac mechanics in ART offspring by STE.

When this paper is accepted for publish, the enrolment and the first postnatal cardiovascular assessment will have been finished while the second follow-up will continue as planned. As a single-centre, non-randomised, prospective observational cohort study, universality of the result may be limited. It should be replicated at other centres and in other patient populations. In addition, potential loss to follow-up may lead to some loss of data. And the short follow-up period could be a limitation, but this will be overcome in our study by measuring surrogate outcomes (including ventricular longitudinal, circumferential deformation and left ventricular twist, torsion, untwist and aIMT) that are well-established precursors of future cardiovascular disorders.[@R49] Finally, considering the pregnant women in the control group will be matched for maternal age with ART cases, they may be older than a normal population of healthy gravida. Whether the controls in our study can represent the normal population of healthy gravida is unknown.
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